Polarimetric similarity is a parameter for measuring the similarity between two scattering mechanisms. In this paper, we propose a novel model-based target classification technique using a compensated polarimetric similarity parameter between two coherency matrices. In general, the ensemble average coherency matrix elements have magnitude imbalance, thus the contribution degree to the polarimetric similarity differs for each element. We illustrate how to compensate the contribution degree, and then the proposed method is tested on L-band fully polarimetric ALOS-2/PALSAR-2 data sets by using 4 theoretical scattering models (surface scattering, double-bounce scattering, volume scattering, and 22.5° oriented dihedral scattering). The classification results show that the new compensation scheme serves to better classification. similarity between a random scatterer and a canonical scatterer," IEEE Geosci.
Introduction
Land cover classification is one of the most important applications of polarimetric synthetic aperture radar (PolSAR) data analysis. In PolSAR data analysis, the ensemble average coherency matrix or covariance matrix are commonly used for deriving the second-order statistics and reducing speckle noise. The scattering power decomposition methods based on the physical theoretical scattering models using the coherency matrix and the covariance matrix have been proposed [1]- [3] , and those are powerful tool for classifying terrain and retrieving scattering mechanisms. A polarimetric similarity for single-look PolSAR data was first proposed by Yang et al. to measure the similarity between two scattering matrices [4] . It was extended by Chen et al. to measure the similarity between a Pauli scattering vector and a coherency matrix [5] . For the multi-look PolSAR data, a similarity parameter between two coherency matrices have been proposed [6, 7] .
However, there is magnitude imbalance in the elements of coherency matrix. Generally, the diagonal elements have large values, whereas off-diagonal elements have small values. If we calculate similarity parameter which needs the inner product operation, the contribution of diagonal elements becomes dominant and the contribution of off-diagonal elements becomes negligible. This means the polarimetric information contained in the off-diagonal terms is lost in the similarity parameter calculation due to the inner product operation. The same is true for the correlation coefficient calculation.
In this paper, we propose a compensation scheme for solving the magnitude imbalance problem and illustrate a model-based target classification technique using the compensated polarimetric similarity parameter. The proposed method is successfully applied to ALOS-2/PALSAR-2 data, showing an excellent classification performance.
Polarimetric similarity
From the scattering matrix acquired by the fully PolSAR data sets, the Pauli scattering vector can be created by
(1) where the superscript † denotes complex conjugate and transpose.
In the coherency matrix, there are 9 (6 real and 3 imaginary) independent elements. Therefore, a vectorized coherency matrix using these independent elements can be expressed as = [ 11 22 33 |Re{ 12 }| |Im{ 12 }| |Re{ 13 }| |Im{ 13 }| |Re{ 23 }| |Im{ 23 }|]
(3)
where the superscript denotes transpose and |•| denotes absolute value. The absolute value is chosen so that inner product of each element becomes additive. The polarimetric similarity for measuring the similarity between theoretical scattering model and observed coherency matrix can be defined as
where • denotes inner product, ‖•‖ denotes Euclidean norm, denotes the vectorized coherency matrix of observed data, and denotes vectorized coherency matrix of theoretical scattering model.
Compensation scheme
In general, diagonal elements of the ensemble average coherency matrix, namely, 11 , 22 , and 33 have large value as compared with other elements. Hence the degree of contribution to the polarimetric similarity parameter differs for each element. In order to compensate the contribution degree, each element is multiplied by a coefficient as follows:
33 |Re{ 12 }| |Im{ 12 }| |Re{ 13 }| |Im{ 13 }| ℎ|Re{ 23 }| |Im{ 23 }|] .
(5)
In order to determine the proper coefficients, we have examined the average absolute value of the coherency matrix elements using 6 data sets (level 1.1, single-look complex) acquired by ALOS-2/PALSAR-2. The examined results of the relative magnitude relation of the coherency matrix elements of the entire images are shown in Table 1 
Using Eq. (6), the polarimetric similarity parameter shown in Eq. (4) can be rewritten as
By measuring the polarimetric similarity between the observed data and the theoretical scattering models using Eq. (7), each multi-looked pixel in the image is classified into a model with best-fit scattering mechanism.
Theoretical scattering models
In this paper, we adopt following 4 theoretical scattering models. The surface scattering, double-bounce scattering, and volume scattering model are conventional scattering model proposed in [1, 2]. The 22.5° oriented dihedral scattering model for buildings oriented with respect to radar illumination is derived by modifying probability density function in [3] . Each scattering model is normalized so that the maximum value of elements become unity. Considering the ensemble averaged data, we adopt a probability density function with its peak at π/8 as 
Classification results
The proposed method is applied to ALOS-2/PALSAR-2 data (level 1.1, single-look complex) over San Francisco, USA, acquired on March 24, 2015. The window size for ensemble average is 6 in the range direction and 12 in the azimuth direction. In all images, the radar illumination direction is from top to bottom. The classification result before compensating the contribution degree of each IEICE Communications Express, Vol.1, 1-6 coherency matrix element is shown in Fig. 1 (a) , and the classification result after the compensation is shown in Fig. 1 (b) . Google Earth image of the same area is shown in Fig. 1 (c) . Patch A, B, and C are vegetation area, urban buildings area orthogonal to radar illumination, and urban buildings area oriented with respect to radar illumination, respectively. From the classification results, it is confirmed that implementation of the compensation scheme is very effective for classification using polarimetric similarity, especially for detecting urban area. In order to evaluate the classification accuracy quantitatively, the classification rates of Patch A, B, and C are shown in Table 2 . For Patch B (orthogonal urban area), 28.4% of pixels are classified into the double-bounce scattering model and 71.4% are classified into the volume scattering model before the compensation scheme. After the compensation, 75.4% are classified into the double-bounce scattering model and 5.4% are classified into the volume scattering model. It is also noticed that the compensation scheme is effective for detecting oriented urban areas. The classification rate of 22.5° oriented dihedral scattering increases from 1.8% to 43.4% by the compensation in oriented urban areas. The classification accuracy in vegetation area is still high as much as 89.1% although in a decreasing tendency. These results are due to the increase of the contribution degrees of 12 and 23 in orthogonal scattering model and 22.5° oriented dihedral scattering model.
Conclusion
We have proposed a model-based target classification technique using a compensated polarimetric similarity parameter with the ensemble average
